Abstract. We quantified the effectiveness of two scale characters commonly used to identify snakes: smooth versus keeled dorsal scales and straight versus oblique dorsal scale rows. We examined 169 species of African snakes from close-up photographs of the dorsal scales. We calculated the prominence of keels (if present) along the dorsal scales and the degree of straightness or obliqueness of the dorsal scale rows. We compared our measurements to species descriptions from the literature and looked for overlap of the character states with each other. Our results show a distinct difference between keel prominence for species described as having keeled dorsal scales versus species described as having smooth dorsal scales. Our results also show considerable overlap of straightness or obliqueness between species described as having straight dorsal scale rows versus those described as having oblique dorsal scale rows. Revision of this character would be beneficial.
Introduction
Snake identification is contingent upon physical observations of a variety of characters. These can range from size and shape of the body, to more-detailed scale characters (e.g., Boulenger, 1888; Meirte, 1992; Chippaux, 2006) . Many of these scale descriptions, which are still widely used today, have been in practice since before the advent of Darwinian theory (e.g., Smith, 1831) and there has been no real, critical analysis performed to ascertain the usefulness, or even the accuracy, of these characters. Scale descriptions have been used primarily for the identification of species; but also to determine phylogenetic relationships (Bogert, 1940; Dowling, 1969) and even to examine relationships between morphology and fitness (Arnold, 1983) . However, none of these studies ask the question of whether we ought to simply continue relying upon these previously-established means of identification, or if reconsidering the usefulness of some of these characters is necessary. In this study, we investigated two commonly used scale characters by quantitatively assessing their effectiveness at differentiating one character state from the other. We quantified two particular characters: keeled versus smooth dorsal scales, and straight versus oblique dorsal scale rows. We hypothesized, based on personal observations, that the character of smooth versus keeled was a reliable character to use, and that our data would support this hypothesis that species described in the literature as being keeled would demonstrate a significant difference from species described in the literature as being smooth. Our second hypothesis concerned the character of straight versus oblique dorsal scale rows. The subjectivity of this particular character oftentimes makes it difficult to distinguish one character state from the other. We hypothesized that there would be no significant difference between the data for species described in the literature as being straight versus those described as being oblique; and, as a result, this particular character would be unreliable as a distinguishing character in further studies or species identification.
Materials and methods
Data were collected from fluid-preserved specimens held at the Royal Museum of Central Africa in Tervuren, Belgium. 169 species of central and western African snakes were examined. The choice of species was based on availability of specimens in the collection. A specimen of each species was photographed mid-body, to clearly show the dorsal scales.
Photographs were taken remotely using a 10.0 megapixel Olympus Digital Camera mounted on a copy stand. The camera was equipped with a 50 mm 1 : 2 Macro ED Lens as well as an Olympus Ring Flash and its corresponding Macro Flash Controller. Measurements were made using Image J 1.41 software (©Wayne Rasband).
For measurements of keeled versus smooth scales, three scales dorsal scales were measured from the photographs. If a keel was at all discernible, then measurements were made of the length of the keel and the length of the entire scale for each scale. A ratio was calculated of keel length to scale length to quantify the percent of the scale that the keel covered ( fig. 1a and b) .
In order to compare straight versus oblique scale rows, the same images of the dorsal scale rows were used. The lengths of the two posteriorly angled edges of each of three scales were measured and a ratio was obtained for each scale by dividing the measurement of the longer edge by the measurement of the shorter edge ( fig. 1c and d ). The mean of the three ratios was used to quantify the degree of straightness or obliqueness of the dorsal scale rows.
The ratios calculated from the measurements were then compared to data obtained from the literature (Chippaux 2006) in which species were described in detail, including information about whether the dorsal scales were smooth or keeled and whether dorsal scale rows were straight or oblique.
Results
The results of comparison of species described as having keeled dorsal scales versus species described as having smooth dorsal scales showed a clear difference between these two taxonomic characters. Every species described as having smooth dorsal scales possessed no keel of any form on its dorsal scales, and only 6 species which the literature described as having keeled scales were found in fact to have smooth scales ( fig. 2a) .
By contrast, the results for species described as having straight dorsal scale rows versus those described as having oblique dorsal scale rows showed considerable overlap between the two character states (fig. 2b) . The results for the species described as having straight dorsal scale rows show a distinct, right-skewed trend while the results for the species described as having oblique scale rows show no such trend. A total of 36 species of snakes described in the literature as having oblique dorsal scale rows fall into the range of the species described as having straight dorsal scale rows. A list of specimens examined, the ratios calculated for them, and their character state as described in the literature is provided in Appendix 1.
Discussion
Based on the comparison of measurements made in this study with descriptions of species in the literature (Chippaux, 2006) as having keeled dorsal scales versus those described as having smooth dorsal scales, this appears to be a reliable character to use when identifying or describing species. While there were six species described as having keeled scales which yielded ratios indicating no such keel, there are a few possible explanations for these anomalies. The literature which contains species descriptions is oftentimes based on small sample sizes (e.g., Witte, 1930) , and this might lead to species accounts which do not account for proper variation. It is also possible that the data collection techniques (measurements made on photographic images) may have contributed to this complication. Despite these six outliers however, there was still a marked difference between the measurements of species described in the literature as having smooth dorsal scales versus those described as having keeled dorsal scales. This is a viable character to use in identification of snake species.
The character of straight versus oblique dorsal scale rows proves to be as complicated as anticipated. The data show substantial overlap between what should be two, separate character traits. This leads us to propose a revision of this particular character.
One potential solution would be to quantify exactly how oblique dorsal scale rows must be before they can be considered oblique (as is done with eye size in snakes). For example, it could be stipulated that the longer, posteriorlyangled edge of the scale must be at least three times longer than the shorter, posteriorly-angled edge. One drawback to this is system is that it would be impractical to make such measurements in the field, or even the museum without image-analysing software. A better solution would be to discontinue using this particular character in dichotomous keys or other systems of identification. It would still be acceptable to keep information regarding the degree of straightness or obliqueness of the dorsal scale rows in species descriptions; but researchers should be aware of the subjectivity and variation inherent in this character.
It has been noted that there is an enormous amount of variation in scale characters in snakes (Marx and Rabb, 1972) ; but, to date, there are no previous published studies which quantitatively assess the effectiveness of these scale characters as we use them today. The preliminary study presented here, studied two such characters. Future related projects could investigate aspects of quantification of scale characters from additional perspectives. For example, future studies could examine both other scale characters and additional specimens from more diverse localities. A total of 169 separate species of snakes were examined here, but they were all from central and western Africa, for the practical reason that the data collected here were collected in the course of a larger study of African snakes. It would be useful to know if these results can be generalised for species from other continents as well, particularly Europe and North America where the taxonomy of the snakes is better-known. A failing we have noted in the literature as the possible source of erroneous information about character states is the small sample size on which original descriptions are typically based. Here too we examined only one specimen of each species, constrained by availability of materials working with rare taxa, and focusing on comparing taxa, whereas an alternate project would be to look at many individuals of a single species in order to de-(a) (b) Figure 2 . (a) Prominence of keel in species described in the literature as having keeled dorsal scales (indicated by the gray data bars) versus those described in the literature as having smooth dorsal scales (indicated by the black data bar). The value along the x-axis represents the percentage of the dorsal scale that is covered by a keel for each individual species. (b) Degree of straightness or obliqueness for species described in the literature as having straight dorsal scale rows (indicated by the black data bars) versus species described in the literature as having oblique dorsal scale rows (indicated by the gray data bars). The value along the x-axis demonstrates the ratio of the length of the longer, posteriorly-angled edge of a dorsal scale over its shorter, posteriorly-angled edge.
termine the extent of intraspecific variation in these characters. Such an approach has the potential to reveal variation related to sexual dimorphism and ontogeny. Another issue to consider is that of variation of scales in a single individual. We measured three scales form each specimen, but in some cases there is variation in these characters in a single specimen (e.g., Scales may be keeled on one part of the body but smooth on another; An otherwise smoothscaled snake may have a few scales that could be considered "weakly-keeled").
For situations where quick, accurate identifications of species are necessary (e.g., Wozniak, Wisser and Schwartz, 2006) it is imperative that our understanding of scale characters include detailed knowledge of their inherent subjectivity, if any. The field of herpetology would also benefit from a critical analysis of the traditional system of species identification based on morphological characters. The results of such studies would make possible a long overdue revision of the use of scale characters. 
